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(54) METHOD FOR MANUFACTURING NITRIDE SEMICONDUCTOR CHIP 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To prevent cracking and 
chipping on a cut face, and an interface by dividing an area 
constituted of nitride semiconductor crystal into chips by 
using a plurality of division grooves formed on a wafer. 
SOLUTION: An n-type GaN buffer layer 101 is formed, and 
then an n-type AIGaN clad layer 102 is formed, and a 
multiplex quantum well layer 103 being an active layer, a p- 
type AIGaN clad layer 104 and a p-type GaN contact layer 

105 are formed. A wafer is reversed and n-type electrodes 

1 06 are pattern-formed on the side of a GaN substrate. 
Then, the wafer is set in a dicer and first split grooves 108 
are formed and second split grooves 109 are formed on the 
GaN substrate side of the wafer. An area constituted of 
nitride semiconductor crystal is chip-divided by using the 
split grooves 108 and 109. 
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<b^ic. miesm ©ayai««fcy *iSS2<z>ay;*ie£* 

<-<r<S>xa<*r. niBJKl <DWy»i:JB2(DWy*lc>fto 
-CttSE^x/x— S^!y^tt(c»M^r«xa*JMi-r«c: 
k£&ffl.k-?Z> 0 ilBxg^ffl-r^ctlc^^r. Jtfc 
20 t S« t BSO)HbSi**ft t fc S C <!: ^ b . H- 

(D^P#tt£^£-<!:<^ JR 1 0>ay3W«*2<&a 

y*cfcyti«*5*<i£<. ^o. ski i:«2cDayati=» 
itreiBf-r^c^ircfcy. «2<Dayj»i::«fc-3Tajh-fc 

jkjss^ bif 2 a>a y gts«T*(D« 1 y gf o>is 

*<-e#£ 0 *fc. 9WBa>*t^* 2 ©ay 
<D®ic^iaLfcfl)i± % 3te*<HtrreiBiaia;s«Jo®A^%i± 

1 eoay*tBi:K2a)ay»MB*<*«:*astt. -t^co 
j^aic. s ij y »Ha>tti^ 2 ©a y fea+tfeattit 
ayaMBa>i£^jsia>ay9H=ffla"#"«^#. fita 
#jtL^7b<m 2 o>a y mta^ & n*tr »«>*ipu=a3hfc 
tLTt, KKDayaiB^it^fctoic. MtH^^fcsii 
*tt=a*i«*<ae 1 <Daysn6«(=aa-r*ct3b<T?# 
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t^ir^tcicm 3 (7>9i y m&i&m-** tmz^ mmm 1 <*> 
9iyai««fey *K3o>9jy3MB*a<-r-6«3xsa)3 

mz^mth^^ fo&i^zw, 1 x*i£m3x*!£mx 40 

§1X1^12, |g3Xfi£fflUTiiufB^x/\— 
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»B5«fcy *as<»*-r**i xf§<t. urtBasicDfiysi 

<&«£#»^6te{ET!. sufB^x/v- <z>^b1*i#3H*a 
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IMBJS1 a>9jy»cDl64!:*»-r*fl[«T5. S&fBfg 1 
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[0 0 2 5] klTCl. S«<l:LtGaNS«^t\ f& 
tltMOCVD £ l^T ©at L fc^b«8^» 

fltjffi*tLr^SS«-t?fc*L(*a:< . AlxGaylnzN 
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m*t^bo>fctf)(=. KB«fcytH*f*©ffi^ii*<» 

{7^^ Kfi(Z>H•J(^SLrU^4j&^^fcy. A I G a N 

{*. S*btt¥«i*a>cH {000 1] Sico^tlBi 

Ltl^A<s IWi*(?)Al {1 1-2 0) 1C, 
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ay an o 8. wzomvmi o 9^b«ja*+Lr^ 
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o ( 3 n m) /A u ( 1 0 0 n m) (7>BSI=. X*tt P H 
11 1 O 7 £U V^^* — VffiMtLfc 
ft. »S<Di£St£^ALfcfr£> 5 0 0°C-eN2#iE 

4i-^r-— ;u^tf ofc 0 ctDc^tcj: y. pitSM 

— >ff2jfELfcOM£. JSlT-caS^-5SB2(D9jy 

[004 1 ] ^d. Ol/N-^IILClt, Ga Nl 
MOl-. T i ( 1 5 n m) /A I ( 1 5 0 n m) {Z<£& 

n!lIio6S, y v^^^-r — atB-e/^^i — >fl^J* 

m^ks^jic. niig/^->$u$L, ao. a 
y**»rt^<st^a>«a*<i*ai**tTL^<i:t^«j«* 

[0 0 4 2] MfBO^x— £^-0— -I^Hz^ h Ls 1*0 
IA-(DGaNS«ll:, 2 0 /i 

m. t'^f 3 50//mO)«ia)ay«1 0 8£. 0 1 

(b) izTjk^^m-nmmLtzo jsia>ay*w\ n 

o 

[0 0 4 3] ZfclC. ^G a Ni«ii:fifv- 

b£l£ttL. X^-f /<— <Dt— ?^±(CG a NSSII 
STIC LT»y flit. K^-v^^T?H3£-r4- B3£ 
ft. x$^-f/<— (D^^v KM-C* tSArtftflKDS 

( P |GaN3>^hl105$@) ±(C % tf^3 
50/im, I^O. 1/im, 5 11 m"? — gJX^ O -f 

[C. Pli{ClTX^7^^t^ 0 C1604ilcUT3 5 0 pt 

2fl)aysi 0 9«t^ fct=L. *2(D»jyaii 
o 9 (DMf&ikwt. mmm 1 <&a ysios a>tMo>m 
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x^^-f ^o^iRiri. ^b^«<*ir**L.T< 1 1-2 

0>£tcf£< 1-10 0>*lPl"T?a&^o ^fc ^20)Slj 

yan 09**1 ©ay an os^psicis^ti^ 

^iTUSl^SlcMtS^ £ fr»* Ul\, 
[0044] X^-f:?ft. Kffi^-W^*«(ttU 0 

x/\-sf-^e>tti?siy, e»ja*«fr&&< □ 

«nt^***yuiLfcBf. *«*y i*9 8%i^jb-cfco 
[0045] **j6©»«-e. *i*yA<ffiaw* 

t*2©aygi*»*u. sb 2 ©a y 3fi«e i a>a y 31 
Mcfcy*»<*jaLfcctic<fc* 0 o*y. j£*!i*& 

^a^^ic^o/cci:^. si a>ay«^2(Day 
*«fcy ta«BA<j£<. fro. SR1 £«2©ayal^=#^t 
Ttt■^Lf::c:^:l::<fc*. |g2^9jy^(=d;ora 

*tt=a*i«fr. *®«IBrSiSt-ra*LStcft(c(i. B2tf> 

a y 3f jgasfr £>sa§ 2 cosij y mm&TJjom 1 ©a y ai 
(Dm^o^m^i^mM-t^ Lfr& < . wait-ttcfriRiic^ 

[0 0 4 6] £fr. lB(D»l«2 0ayi^ 0 MI 
30 «](D®lCH£jjcL 3tfrfrtH*SS^:fi»Ja>®fr P>9£ 

[0047] sb 1 o>ayai«<tS2a>ay3ftefrS3S:s 
mmt. ±^(Djzoiz. ay9HB<D»^*2©ay9ifr 
&a*tfca*L«fr. ay *«o>je^k 1 <z>ay ancast 
«nBa*t«fr*2a>ay3iiiTfr&n*Lr» 
to*Ri(=a*tfct urti. *KDayaMBA<fl£t^fcto 
ic. wiB»to(=a^fca^«*<jRi<oayaiJft»«=aa 

40 [0048] mitfy^mfo^fatpi^m K~e>^Lfc 

3am!^o^ril^</ci:C5. '>4<ttlxiO'Vc 

r. s«(cat«*»a-#- i>ui^^;o *fc. hvp 

— t e >^$frofcSK(D^b«a^»<*K (»J^tf. 3 0 
o/irn) S^LfctC5, ^CiSI±l:Sf*i< 

50 fifr/jN$frofco 
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[0 0 4 9] aisrc-pivci*. 5£**-ei±j&:i\&<. mitfa 

***lfi*«SLtl^l 1 I J£M^<br vmmTkO) 

[oo5o] *H*fea>fl2ST?fi. JB 1 a>ay8ta>»fiKfz 

ft. ECRx^^>^ft*a)#a*ffli^«c:i:36<-e# 
£ D hx^f^lt «x.tf. 1MML 

ft*«ffl-r*c:^(c«fcy % 

Ex^>^*fr3fctf>U:i4. y ysf^zt-f— ttffiCU: 
[0 0 5 1 ] WSftft»]&j&6ft£ *88*fcO>fl2 

«t?a^Lfcy>r -»^i=«fc*/\— kd«, 20 

[0 0 5 2] £t-. #IIS6<Z>fl2jg-ci** ft2(DMy$MfB 
0Mcx^7-f ^*«IBLfc*<. -hlEx^V^ft. 

2 0>9jy3f^*(cfiL>rf*. x^7^rwit»*L 

L\, ft-tftt&lf* 3MS*»<„ aoSiS(c. Sff^*<pJ 
ffit?*y. ^-f i»^X^^>^(chb-<r. 30 

^0Sf^(cS^x/\- *«ya*H«j&<*fcivDT? % *— 
[0053] ££>(c. #ggJ6a>fl5ST?f£* MHP*I=X* 

^-f >&&MLtztf* n (c) [c^-r cfcdi^^ 

ff*LL\ fc/£U «rC«KR£J:tf«IKEMird:. *« 40 

[0 0 5 4] *fc. *Hft(D^BT?. GaNSKil 
l±200//mTO^L<, S L< 1*1 5 O 

e > ^-r £ c <b: \z & o r »SH A<SS (c o fc 0r M0> 

*en=*«*yA<^#H"r*fc«>(ctt. s«<dj?^* 

*M*. If, 3 0 0/im-6 0 0/imX?fc^(D[C^L 50 



*Kr±»iimgs-efcy. f^^GaNStol^ 
[0055] *H)Sfe(D^i6(D«td(=:. * 1 0>S] y 3I©3I 

^^(c. n o>ayaitK2a>ffly*i:35<^aLTua 

[0 0 5 6] G a N^«CDJl^C0TISfiif4. W(=Mfcft 

l*5 O/imi^JLL^M^Ll^ 

[0 0 5 7] £/c. SIK-t°>«ttGaNS«4 
***W«LT»< -Tattle* «»WfcJ|[*K— tf>ys 

!£«Pi:jB2(D9jy3ta>/iE«p^:a)fffl»fSgSSSS< LtU 

tcG a N^^COH^^fH^ir. 2 0 0/imiaT)6^L 
< . £ ^>(C^^ L < 1 50/i rnl^T. 50/i m£Jl_L-e 

[ o o 5 8 ] (Utecoff^ 2 ) :*Xlfe<Z>»aB 2 T?f£. S 

[0059] H2(i. C® (OOOD n^GaNS^ 
200. nlGaN/\*^77l20K nlA IxlGa 
t-x! UO'VV KB 2 0 2. SftJB2 O 3. plA I x2 G 
al-x2N^7^K!204 s P SGaN3>^hl2 
0 5. nill206, pSSl2 O 7 . 1 CD9J y ^ 
2 0 8. |g3CDfIjy^2 0 9^t>«^*tLTLN^ e Ga 
NSi2 0 014. ^;m^^5 XlOl5/cm3 K—tf 

[0060] 12 0>aft**SHM63t4f -f Ka>«Bfi 
[0 0 6 1 ] »IBS<h**3W*»*y-f 3*-— K3IW-*» 

[0 0 6 2] ^"T. ±E^X/\-0)Ga NSfift^WB 
I^250//mC«c CCD^b^. P^®£gt®fC L 

y3f*«tffi-r-5!^S*<ftl^f>-Cfc-&o ^^^=fc 

/\— ^v^^?mmtz>« c(Dx^f>^m ^ 
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5iz(C x P d (7 nm) /A u ( 8 O n m) (7>ll|l(=. M 

7tttpiii207*oxA- ±miz.Mm.Ltz'ik. urn 

(D&m&^ALtttfh** 4 5 0°C1?N2SSBS;e£1?7 — 

— ;u£frofc 0 C60c<t(cj; y % pSiSMCJ;^^ 

K^LfxLT. G a NgM'JfX. T i (1 5 nm) /A 
I ( 1 5 O nm) (:J:^nlii2 06^ ^X/\— 

[O O 6 3] WfEOxyv- lx-fc^/ h U ^x 
/\—(DG a NffllJC G a NSffi<7>< 1 - 1 O O 10 
iRjdy&oT* I^SOjUm, Stl3 0^m. tf ^ ^ 3 5 
O/Zmt, < 1 1 -2 0>^fS] (BUfE< 1-1 oo>^ 

rru tf 3 OO//m(0, 1 1 ©1^12 O 8 n^ 
US 2 O 6(D±^t>ff^J^Lfr 0 
[00 64] iKDSIUm M^»<^-<t £#Jtt~ 

nllffi2 O 6^aa**irt^i^i=^j?!tt 

to. IfH^a-trXCDfglllMs. ^— <^x/v- frt>o>?-yzf 
a<Di8flR. **ffl»fl!)tt*:fc«:B«»c. nil, pII 

[oo6 5] a>*sajiJc*«ja>H (pSI 

#2 0 7) icfiSlv-hSSfittL, X^-</<— (Df~ 
^;u_hlcGa N3ttSS±i:Ltiiy#lts Hffi^-v 

50/im, S(|5 /imS< 1 - 1 O 0>S 30 

(cMLr^m^fS] «1 i-2o>^) tc. e^^-3 

OO/im. I^3/im, 5 jU m"C|g 1 (DW\ U iSJ^Sfl 

T35O/imX300/i mfttf)^ ^ X?lx£:£ d (XX ^ 
^-f^-f >£A*U ^3(7>fljy / : S2 0 9Sff^^-^ o 

[006 6] X^^-f^ft. O 
XA-Jf-^brtLH^ GaNl«|^b§< 

^b3 5 0/imX3 00^mft(Df ^^^Mffco ^ 40 

[ o o 6 7 ] *Sll6(D»«t?. y ft < BrS<D»# 

Mo. — ffilc-«]Bf-r^c:tJ5:< . % 1 C0-*i]U;S 

t*3<Dsyy3i*^j«L. »3<&sy»*«i ©soyai 

^IS/^LfcC^fxJ;^ o*y. £ ^ PJ ^ 

(BS<btt¥»tia?fe5C*3&*&* H-0>^#H1*tt** 50 



sic^o/zc^. *3©»jyai*«i(Daiy9iJiEasa) 
isiac**iB(=»o-c»«-*-*c:trcj: y. as 3 ©ay* 

^&c<t*<T*^&fctoi?&-£>o 
[oo6 8] ays»*at««(cfl^jatLfc<ott^ *s 

[0 0 6 9] a^b«3#.aH*S«*(C*|R K— t'^Lf: 

[0070] *nj6(o^iS"T?ii. *i o>ayaia>»ja«c 

x ^ ^ > ?m\ z cfc -5 fls*M 15 j* £ flirt L T * ft 

a. e c r x ^ f >«iif as fflt^^ c i ^-e t 
£ e hx^f^it «5ttf. mmm. 

£frdfctolx|£ % y Vif77-f« tt«fil=«fcSvx^»3i 
[o o 7 1 ] tt9Mtt»ffiMK^&£ LTI*. **SfcO>fl2 
7^^«fflLtt.6Uo L**L#rt<&* S1 <D«y 

«3(D«yaHB«fey ! fei£< Lftit^fe^^ut: 
to. x^-f 7ficj;^^i <Dny»»jft(^ fc*y»* 

[0 0 7 2] £fr. *HJfeO>^!6l?(*. ^3(7)Hjy?g(iI 
(7)ff^(cx^^-f ^Sffi^L^7!)<. _t|E^^^>^. 

3 0>»]ygt^jaic*5LNT(*. x^^-<^a<s*i»*:l 
ln d *nsg(7>ff^i?(i. te-r«(=x^^-r 

-f >£ff*J&Lfc75<. [11 (c) C^tJ;5(^XA~(j) 
TtftL^o -(7>ii"g-. Oxy\- (D^RJS3b<1 SO^mlil 

Ts ^L<ii. *3<DSijy^Jsw^t»*sa^*ffl<x>^®i 

^-ecD^]i?SgiS75<. 1 5 0/im!SlTt?ftl)Ci:tfff*L 

^ K— tf>^ r S*LTl^*^0)IS^l?fc*o 
[0 0 7 3] $Hl©iI(DJ:5l:, SB 1 CDfijy^^lx 

ffi3^§i|ys$^Lr^^W(x^</ c i:o^ / : ga5if. ^ 
x/n— *fc#>. us 3 a>«y 

1 b CD * = to (D Zf P -b X 4^ I x ^7 x / \ — j5< gi] tt £ T L * 5 1 z 
to. »«»r«g|*a>TIB«[l*5 0/imJslJi36<a*Lt^ 
[00 7 4] *Sllfi<D^«l?WBLfcta*S K- 
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[oo7 5] (HJ6©fl2@3) **J6a>»«3Tf(*. m 

[O O 7 6] [H3{±. C® (O O O 1 ) n^G a NSfi 
300. nSGaN/<777l30 1, nlA I xt G a 
l-xl H^^fV Kjg 302, SttB 3 O 3 . pSA lx2G 
al-x2N^7^Fl304, p||GaN3>^^ hl3 
OS. n!Si3 0 6, P SIi3 O 7. SB 1 CO^lJ U ^ 

ffj££;KTl>£ c GaNSiSOO^CreilJllx 
1 016 / cm 3J K— t c >^LXL>^, 0 
[0 0 7 7] i3fl)lMf^M^>r5t-~ K(DS3S 

^ircouriiUflgcDff^ 1 tmcT-fo&o 20 

[OO 7 9] *-#\ -hE^X/x— tOGa NS««|*efS 
ilC^UilLT. SiK-e>mfcGaNlffi(2) 
I^^200//m(Cl s ^t®£B L£^-£> 0 GaNSM 

[ O O 8 0 ] #fC. ? -ySfc L < l*ifc«»**iNfcIfc&>> 30 

lGaNn^^hl305±[C, Pd (3nm)/T 
i (3 nm) /A u ( 1 2 nm) (DIR(C % Mftpif 

il(Dl*JiAl^^b, 5 O 0 0 C-CN2#iI*^ 

t-— ;u£frofc 0 coc^rfc^y. pmmmmm\z& 
>^fitLfco>(4. j^T-eav^<*sg2a>9jyaf 

[008 1] ^^y\—^mML\Z IT, GaNi 

Mo (1 5 nm) /A I ( 1 5 O n m) [Z&& 

I^Hrafll;, nffi««/<* — >&Mf$L. Mo. 9] 

y»s^B6^<5i^a>aaA^«*+LTu>ftux««$ 

~St£i±£ 0 50 



X/\-0)GaNSMj[C v < 1 - 1 O O>^fp](-^o 
T\ ;££2 0//rru fi(S20//m, bf >V =f- 3 5 O jti m 

<1 i-2o>*ifij (BufH^rf^cir Hilars]) tc>Oo 

o> % sb 1 ©wyat3 o 8 sMifco «ia>ayattt. 

to 0 8 3] x^-<>*-©y>f -v^o 
H ^SJyatSSPcDISfS^ftlRlc^or, t°<>f3 50 

J" m„ ;S££5/inru Sfi5//mS< 1 ~ 1 0 O >*|fij[C 
LT^lE^rS] (<1 1~2 0>^fDj) fC. t°^f345 

[0 0 8 4] $f£l^T. ^X/\-(DG a NSMjlC^f y 

— h£!£#U X^^-f /<— a^T~ ^JUJhKG a NSi 

x^^-y/\— -v^> Ktfx. iea/£ftflt(D@ 

(pSGaN^>^ni3 05iI) JblC. tf V T 3 
5 O U rru O. 1/im, jSftg 5 /i m£< 1—10 0 

>*|nifc-iHlx^^-<^-r^ 0 SfelC. 5fe^(7>X^7^^^ 
^rpiir^LTMil^rS] «1 i-2o>^) in. — {ej 

X^^-r^^-^ 0 C(Di[:lT3 50/imx345/im 

©wyai3 1 osh^-t^o u sR2©»jy9t3 1 
o tf>ff£j£fegf*. ffitam3cDffl y ,=$ 3 o 9 1 rsis-a l 
fc&S£-rs 0 ^fc. ss 2 y gj 3 1 ot$i o>sjy 
S3o s <ti^«(c»«35<aas*tr^35:ufiaic^ia-r 

[008 5] x^7^m Kffi^-v^^*«ttL. ^ 

□-7-T?»Lat4*iCcty, 2^>^0co^ x/x _ 

^b3 50//mX3 4 5/im^(Df^^Mif: o =f- 

-r. n^A©*tt^*t«iyuLfcH>f. *H*yi±9 8 
[oo8 6] *iijfe©^8sx. ^ua<FJriwtt 

if^l. mo. -ffi«cffl»rr£c££:<. jK3a>«y3t 
©sjy^^icffgL. *n^r.. SB 3 <z>sj y gjj^fifc 
tiii <b s^ffl^fiaicm 2 y z.t iz & 

&o c©c<t{Ccfcy. ni6(Z)fl2«g 1 ^Hl(7)ii2a)ff 

^(coL^T^i. S8*0)»«1 irHCUfcio 
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[0087] ^mmomm-vit. an o>w\^mo>mm\^ 

v J- > cfc ib^M ft "C3t £ ^ L r £ & 
E C R i f - i: ^ 

^ 0 ox^hi^f>m 0ijx.fi\ mmm. 

[0 0 8 8] ^S^JftS^^^^ LT{£. ^mm<DM 

[oo8 9] &tz, ^mmcDmm-^i^. mztmzay^i 

[0 0 9 0] ££>(c. *H0)if^i^[i, *§T*(cx^ 
=j*< ^^-f>^ff^iSLfc^\ H3 1 (c) d^r^vlc^ 

[009 1] *HJ6<D^ffiT?. ±g* K— fcf >^*L 

fcGa NSfi£ifLt2 0 0//mit*tS< L7c 

-T^fc^){C(iGa N**CDII£(£2 O O /i mfeLT*<»* 
L < . * ?>IC»* L < fi 1 50/i mfcTF. 50/i mm 
3W»*L^ofco *fc. **K— IfV^tffofcGa N 

«*»<-r**a^ its ^)»coff^^2CD^d(^. 12 
a>»j y jsa>jsai<b: m 3 co^j y at©is«P^ a>«j»rsi«t * s 

fcf>^SfrofcG a NSSOI^^M:, 200/im 
3^LT3&<»* L < . S L < (£ 1 5 0/i mJSlT. 5 

0 V ma±tfc^) 

ss2o>ayai3R**^ aft»^sw**3ttBa>flt««fcy» 

[009 2] 1411 C@ (000 1) nlGa Nil 
400. nlGaN/\*^7rl40U nlA IxiGa 
t-xl N^77'>KI402, SttJl 403. p HI A I x2 G 



ai-x2N^77Hl404, P iGaN3>^hl4 
0 5. nill406, plll4 0 7. H tf>SJ y ?S 
4 0 8. «2(D9Jy3f4 0 9^t)1Sfi8;**LTl^^o MfB 
Ga NM4 OOit 8*862 X 1 0 1 7 / c m 3 £ K 

[0093] B4<Dfi<b*¥*tt**y-f;J-— K©«3S 
[0 0 9 4] fclTlc* ±E»t**»#«* y-f=J— K 
10 -& 0 

[0 0 9 5] . ±iE^l/\-0GaNlIi»l 
ilCcfcyiILt, tt£ K-t e >^**lfcG a NSfi© 

H££1 oo/imCL, ^®HjL^f £ e 3fel=* -?vfk 

£k nfi««(Da V*^ h«fit<0«3*i:«a«l«l*l»Jh 
[0 0 9 6] ^(c. «riB^^/\— *U v^^-f— St? 

< 1 - 1 0 0>7a[ol(^> / p v oT. O. Slg1 

0 /Urn. t°^f3 50/imi, < 1 1-2 0>7afo3fC;^ 
oT. ;3l£0. 5 Jim. 5BH>g1 0/im. t^f2 5 0/i 
mtf>. |g2(DfIjyS4 0 9SMLfco ^0>». ^X<7 
£l*yi»^ P lGaN3>^hl405±C, Pd 
(4nm)/Au ( 1 0 n m) (DMX*. SMpHS 

30 L^pII»^/^->MLfco 

[0 0 9 7] ^(C. gufSpm®ff^^frofcO^/\— 
«»0)«***AL*:*<b, 5 5 0°CtN2#II 

[0 0 9 8] jgSjSftffltDffl (pSiiW) 
i:SSiv"hSML, ^f-0f-^iHl:GaN 
S«fl]*-t(cLT3Ry#(+. SSf^-^T?aS«c 
"P. GaNaiOT±C, fc°^3 
5 0/im. ;^^2 0^m. SBBO^mts fcfff 2 5 
40 0/im, I^f20/im, ^fgSOAimCD. SR KDA y 9f 
4 0 8$. -^tt^tL< 1 - 1 O 0>75-fS]<!r< 11-20 
>*lRlI=»jaiLfco C(Di[cLt3 50/i m x 250/i 

i©»yi4 0 8S»rtt*o fcfcL. mitf>§jy3f4 
o s a>^rtfi»*. m 1 9J y »a>««isis+*i=«riB* 

2(D9jy«4 0 9^<-~Sc-r^cfcd(ct"^o 

[0 0 9 9] 5f-fS/>^». K^-v^^*«KL. ^ 

XA-^f-^^bHL^y, ^X/\~(J)GaNl| 
BIJ¥ 1 5nm(7)^>^Xf> (W) /Bill 1 
50 5 Onm07;i/5 (A I ) nlli4 0 6 
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T^^IC^U. 2>f>f 00^l/\-^b3 5O/imX 
l^^Ifcy&LfrFjK It 9 8%ia±T?&-o*=o 

ff2j&L. Mo. — S(n-^]®T-r ^, d <b: ^ < . g§2 0>Si]y;S 
JS^^M^b^^^iifeScfcy ffcj£L. Is 2 10 

ct>9] y 1 (dhj y y * » < l c ^ ic j: 
[o 1 o 1 ] o^y. j«ftKtiS**^*a)^b«a^ 
K— fcf >^ £ *iT l>£ fc ft #9J*<gS l= ft o tz c 

£ £ . as 2 (Dfy y 3t«epA<sft*#*«:«3feHea«fc y 
< . m i g>»i y 2 <7>»j y gi j; y t,3f «a<i£i\ 
c^ic^y. K2(7>ay3t(z<toT»j*Lfc9J4i«A^ « 
jstflK«E«i-eii*L-6fc«)rctt % m 2 ©sj y siks 3^ ^ 
m 2 ©ty y stjeaJT*©* 1 ot^jj y 3iG>jgsp0>fir«ij&xfc 20 

Lfrft<* Kig-tfttcfrinirc'N £i!f!£*L£c:££ 

[0102] is 2 ©»jy mm^mfc 
»3te®fiacfcyta?^t=«). ^^^aoKfc. 

»*Lfc0>tt. <^£fcftT?&£„ * 

fc* »1©Sfiy**S < b*2<D»jy«B)5<ilft*3lSfi. 30 

[0103] L^Lft3b«&. »2a)wyai*x^T>y 
aizrJMlLfcfcft* ^p-fexxg35<«*t(cfty v x<7 

[0 1 04] Bfc**»fMSS+(=**K— e>^Lfc 
[0105] *Hi6<Dfl£jB-efi. m 1 ©sygja^jaic 

i7f>^l^^ratt;^IJl«LT^ 40 

^ D ^i^hi^^u y-m. mmm. 

[0106] wsnuM^a^&t Lxit. -frnm&te 

^-f ^«*«;blt*ai\, L^Lfta^. *ia>«y 
*2<o«yaMB«fey tj£< Lftc+*tfift6ft^fc 
ft. x^^-f^(=**«icDfiyai»*tt. &*y»* 50 



Ll*£l*l**.ftl\, 

[0107] **flgo>^®T?/i. |g2a>stjy^B 

ftl\, L^Lft*<6. *Hffi<Dfl2SEtf>. sg2a>syy3f 
f£. K^-f x^^ftSfcfi^x* Kx^f>yftj5< 
St>Jff3:Llv ft1fft£>l£. cft^t&x^vygfc^jpj 
flrr^C^fZcfc y. 3|«MH=<*:£* S^kl*i*#i*S63feH 

Ex^>^£ff5fcftu:ti:, y v^77^- ftffificj; 
[0 1 OS] *fc % *H*feO>^JST?. **K-e>yi 

fcGa NSi«iLT1 0 0/imiJ|^i< Lfc 

•^-SfeftlrfiG a NS«CD{5^(4 2 O O jUmlSlT*«8* 
L<. £^fc£F£L<l£l 5 O/imJilT. 5 O J< m£LL 

[0 10 9] £fc* i&m K— fcf>4f*frofcG a NSfe 

»<-r**3*4:Lr. *ia>ayatcD*»i:*2a)ay 

H^<tI^4i(C v 2 0 0/imJslT**»*L<. £ibfC£?^ 
L < (4 1 50/i mJSlT. 50/i mJsU:T?fe& 

***feo>^isa)iiiy3Sf=*ox.T. K3a>flyat£ it, 
«i<z>»jy»4 3 fcSLMi«2<o»iy3t..4i. ^L<(4. |g 
1 i«2 0)ayiiii*ic, x^7^f^7^>eMLt 
^^^sjLTtsiv ii (c) (z^-r^a 
fc. *i©»jy3i*L<f4«2(Day^a>3:-/i>«p^ 

m 1 a>8«y»jsffi^&ft2(Dny»jS0^7?(D«iKEfi 

[0 1 10] (3gtt0»f$S5) **J6(D»«5tt. ^SS 

<k«i#sst{*sfi <t ^^^figcfc y ; ^ < l tzm^<D^ 

[0111] 0 5 1*. (OOOD nlGaNSi 

500 x nSGaN/^77B501 % niA IxlGa 
l-xl H^yy KI5 O 2. JSftJi 5 0 3 . pgA I x2 G 
al-x2N^7^K!504, piGaN3>^^h§5 
O 5 % n 5 0 6. p 50 7. % 1 0)91 y 3t 

5 0 8. 3B20)9jy3t5 O 9^b««Jfiltl^ 9 «IfB 
Ga NSfiSOOft iMmmmi XlO«/cm3$K 

[o i 1 2] H5©afl:**»ft»t«f-ft- K<DJIJB 



(13) 



1*^2001 -085736 



[O 1 1 3] ttTt. ±IEa<t**»«**y-f*— K 

[0 114] ±IE^X/v-(DGaNSIi*il 
fl^^3 O O ^mlC^^o ^(7>£#. ^S®^M®ICL 

^icfrdo «l>r. ^x/\— Zm&LlzLX. G a NS 

SilOd. T i ( 1 5 n m) /Mo (1 5 O n m) 

^t-0f-^±cGa Nat««*±i=L ray fl- 
it. S^f^'^TBSt^c Hs£&> r, g 

rru 1 OO/im, *j|tS8 O jumils tf ^ ^ 1 50/i 

rru gg* 1 OO/im, SK8 0/imO, f KDiUi|5 
08^ ^*L^*L< 1 - 1 O 0>?jfot< 1 1 - 20> 20 
#fi|{C»or»jSLfco C(7)4i(rLT3 50/imX 1 5 

*t„ ft 1 &W>)M5 O 8?iS« 0 y-f M 

"To 

[o 1 1 s] #fc. taaia*«(Dffi*j:(cLr ( p ^g 

Ji6ft®±fc % ;^^4/im. t°7f 3 5 0 30 

//mt K4/im, «(S2 0/im, t°'>f 1 5 O /i m 
CD. «2©ayi509^ **L-?*t<1-1 oo>^ 
l6j£<1 1-20 >^|pi(r>UoT^^Lfco t~t£L. m 
2 CDS y M 5 O 9 <D^J«{ia(*. IHIU/f 50 8 <D3» 

*S(7)^i^^-t(cMiBS2(D^jy / ; S5 o 9}&<-sc-r* 

[0 116] tCDik. TX^S^yi^, piGaN^ 
>£^7 hl50 5 ±(C % „ Pd (2 n m) /N i (2n 
m) /Au (10nm) (DJHfUC 'J V ^ 3? *f — &$I5£ 
mt^Xil^ttpMS^S O 7 */^$— Vfl^ja-TSo * 40 

lALWbs 6 O 0°Cr N2glt*tf7-- Jl>£fT 
[O 1 1 7] SKlC. ^X/\— ^R^LICLT. GaNi 
f>350/imx 1 50// m^COT^ ^ £ 0 ^ ^ 

-r\ nff^a^*t^^yddLfcRif. #«syi*9 8 so 



%uLtrfcofc a l*nu«:*<&. *2<DSjyai*x^^ 
x<7^-f ^r=tb-<r3HB36<*:#< . *-^x/\— sty 
[oils] *ii(7)jf^iT\ *H*yA<Bffa©^« 

»yai£flsj*L. KriB«2a)ay3ij6»*»t«i#si(* 

K^KHE*«i:(0#B«fcy*«<»*L. SB 2 ©ay* 

(±*KDfflyaMs«fcy tia<«jacLfcci:(cj:* 0 
^-©^Bawtt** u M*icfi^<K-e> 

*4xr l^i)tcto»Si]*<§S(=teofc c £ ^ . Ib 2 ©a 

yaui£»*<aft**#tWB^*Si:a)*ffi«i: y *ss< % 

S5 1 ©a y Sitf* 2 ©ffl y * cfc y * 3MHM£i> - £ ir £ 

y. *2(Day3ii=«i:ora*Lfca*n8*<. 
«^»*L*fctf>icc*. m 2 ©a y xjg&flsfr&»ft 2 ©a 
yaws»T*fl!>jB 1 ©ay m^m^^im^izmm-t^ 

L**ft<. «cH-a:tti*lRllc^#BB**L*^i:*|ftjhU. 
FfiM © ^ ^ttl c«] Bf -T -1) c £ 7b<r £ £ fc tf> r fe £ o 

aMH©*t^« 2 torn y **««**«<Dffli=^rt ufco> 
y 3tfB£:ff 2 a>m y a* tt. h«b©^ 1 

[01 19] ^^>(c. *2<7)9jy«/e6ftf. mity&^m 

ic. ^^t°>^\ ^^^ + >^<«^Lfct Ltt, Iff 
r t>*i^b«5#»tt:*fi(=ib^<r S^ic^ 1 * 

[0120] *n*fe<D^Mr(±. m 1 a>ay*a>»fitf= 
x > ^ [= J: ^ r * * u r t A 

^i^i7f>^it niffife. 

La*« 6 . . * 1 y * 2 o>a y am* y tit < 
i^it^b^uf^, x^7^r^«fc§* 1 ©ay 

[0121] *fc % **jfeo>^«ri±. «2<oayat«B 
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SEx^>y£fr3fcabfcf± % y v^^-r — SWSlcj; 
[0 12 2] *SUfe<D^JSt?f±. JS1 0>aU3l^:]R2a> 10 

|5|#f=. 2 O O ^ mJ5lT36<»* L < . L<f£ 

[0 12 3] Sfc, *ltJ6a>}^!S^WBL/=ttife* K— 20 

^2oo//md;ytii<Lti^ 0 ^(D^tiz&y^ m 

[o 1 24] *mm&mn(Dmvmizmz_-x:. % 3 com 
y^ix. *ia>ay3t^fc-5LMi*2o>ay3i*'. 

>*^L-C^^^»JLr*Al^ H1 (c) 

(c^fct^jc. ^ia>fiiystiL<i±m2(7>9jy^cDx 30 
l<i±. *Koaya6JSffl^t>*2<z>9jyatg«p*-c?a>« 

IflitM 5 0/im&TT7fc£c:<hA<$?£LlV fc/c 

[O 1 2 5] (Htfc<Dfl^6) *HJfe(Z>ff^6(i. Hffi 
(Df^® 1 (Di&JH K— bf >^ Lfcffi*btt*«<**« (ffiS 
^CDH^1 5 0 |im) e>^froT^3&: 
l^b»¥W*S« (ilt©f^1 OO/im) (C^M 40 

Ltzumt, nmomm 1 taww. 

[0126] *»JS<D»*a>^^^»«(zoi\TK8H"r 
S££ 1 o o /imlz-r^> 0 

[O 1 2 7] »fB^X7\— (Ccty v GaN^ 

m<DSBi©ay3ii OS*, sastfiftj^sicx^^-f 



5 /£mC0Sg2(0Sljy» 1 O 9 £Hj 1 (b) (C^-f ffr^fl£ 
«Tf»«Lfco fctiU »20>«yaH 0 9fl)MfiS 

f±. wtB* 1 a>s»jyan o 8 0>iBfia)f3cia:4i**8i:— a 

ai±, Ifc**«fti=»Lr<i i-2o>*fcii<i 
- 1 o o>^rS3-e&£ 0 

[O 1 2 8] X^^-T^*. Kffi^-V^SflttfcU o 

x/\-^tt— 3f;u^^^Lffity. tSAJiKJHHfr&8< □ 
— ^—-eWL^r^^fCcfc y % 2-f 

*t^»*BiytBLfcHf. #B*yr*9 2%j£i±"t?fco 

fco 

[O 1 2 9] *jMfia>JK«t? % *B*y 9 0%£U:<7X 

-j^[ct^^-r^ ~ h ^ 1 <7)ft]y^^^2cD9J 

y » t ^ A L . K 2 cr>9J y 3K±I6 1 (D9J y 3MB * y * * 
<«j£L/=C o*y % AftRtiMKtiPIKO!) 

<s c «t <t . m 1 com y si 2 <z>9j y aid: y t sm^c 

<. m t«2a)«|y9tfc»JfC«0Kt"*ci:(c 

«ty. » 2 cD9j y sic o xmtit-m\^m<. m&wm 
E«it?ai*L*fc«)(ctt. m 2 cd9j y » 2 o> 

9J y 3tH5«T*0>IB 1 <D9J y 3JO)iS»(Z>f5r«! ! 36Mclija-r 
aHRcDgfel^ft 2 CD9J y 9f $lSAAftfi!la>ffi(=»A L 

<7>nj y m 2 cow y 3ffi*<M«:«ssfi. mmcom 
m 1 <tf5]4i-t?fe^ 0 

[0 13 0] Hffi£>f£S 1 £tfx<3<t. ^^^a>*s*: 
y*<«ETLTL^*a>tt. aft«B^«i«S«[4>(c«X K— 

^>^< t =fe2o^±<D#jy«*^BJt-&-ric % -Sf=^^ 
^»a-r*tt*i=tb^r. *s*yfi*?ii o%ia±:fpi-b 

[0131] *stt6a>^J6-eri. ft 1 omvmco&m^ 

y-T is><?&1&m Ltztf. 0x7hx^f>^K7^f 
x * ^ >y^|c J: « fcqfi»ft*3*"CJ(l JMLTta 
t^o K7-fx^f>^fe^i(t J5i^tt-r>i-> 

^ 0 ^x^M^f^li, 7 7i, S»*K. 

[O 1 3 2] *«toft»»jjfcfrSfc£ LT(t *HSSC0ff^ 
7^?*SffifflLttfiL\ L^L^A<t>. «10>»jy 
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^i=z>^-j\~&%>% 1 comvmmmt. &£y»* 
y sk^jskx ^ ^ ^ y&&m Ltzffi. -tfBx ^ > 
[o 1 3 3] ^mmmmxit, Wicx^7-f77 

-Y >^^/^L/c^\ 1D1 (c) [C^-T J;5(C^xy\— (3) 
ttSl\ d<Z>i§£\ ^l/\-(J)gii^10 0/imia 

t\ *L<i*. «i a>ayaus»^6«2<DiijyaiJ6» 

Lr i^3Si^b«a¥W*S*o»**ri 1 5 o u m 
fclTrt<»* L < . * t>(^»* L < (* 1 O O /i mJaiT^» 

£$s< irt«cfcl> fl ctf><t#<7X frfB«]»fiiKl*v 

50/i mJSJlTA<»* U < s £ L < l£ 1 O O # rn 

5 O mULtTffc&o 
[0 13 5] (XK<D»S7) **J6<Dfl#tt7(*. gISfe 
(0^2CD±g* K— e>^LfcS-(b«5#*{*S« (11 
t^250j«m) K— eV^^^oTl^cC 

l^bBa**!*** (iSft0)IS^2OO/im) (c^M 

[O 1 3 6] *||ffi<D^<DT^^ffl(COLxTlft0^'r 

[0 13 7] «)I/N-(DG a NSIISIlllCfc U i 
lit, Jfiffi K— t°>^^HTU?d:^G a Nfifi'tDI* 
^20 0jUm[Ct^ 0 MIE^X/V-ft^^— (Ccfcy. 
G a NaSfflllC < 1 - 1 O 0>^C^ot, m£ 5 
O/im, O/ims t°^f 3 50 /imt, < 1 1 — 

2 0>*[S3lC;^oT. }££5 0^rru SB3 0/im, tf 
-/^1 OO/imO), SB 1 <D9jy;*2 O 8jMt^o tt 

uvc. i»iB*2a)ay3iJ6»©isiac**«(=»oT. x 

^^-f/<— (Ccfcy s <1-I00>*|fili:i8ot, t£v 

f 3 50jtim, >g£3 /i rru WM 5 /i m £ . < 1 1 - 2 
0>73^3(^/^oT. tf^T1 OO/im. I^3^lm, U 



||5/im(D. H3<D9jy»2 O 9 £ff2j£Lfc 0 fc/= U 

m 3 <D9i ys2 0 9 (D^fijtfiLKi* s MiErn 1 om y st 2 

0 8(djs«p±ic. frtem 1 a>ay9HB«<oisis+*ifti: 

[0 13 8] X^>f iaf^*^*»*L, ^ 

p-7-t?ffLStS»:J;ys 2-f >^<£CDOx/\— 
^b3 50/imx 1 OO^i m^CD^^^ft^SMSfco j- 

10 t\ n^Bta>*i^«i*«yttJLfcHf. *H*yi*8 9 
[01 39] ^mfeoff^ffi-e. *e*y 8 5%m±^. 

^m&m$:. HIR<DSE<b«[l#*tt:at«±«=:»rtL. M 

-*ic«K-r«ctft<. igi<z>sijy«<tm3<DS>j 
y**ffi*j»u jR3(D»yai*jB 1 ©*iy3t*ic«*L 

t. m 3 offl y 1 <z>9j y »iS»<Deis**«i=» 
20 or»rtUfcci(Ccfcy . ^3(D#jy^icj;oTSii^fc 
« 1 a>»j y ffi\~ cfc o tsawci tz$$ 

£*=#>-e&£o 9iy3l*S««!ia>®i=^Lfca>i±. *S 

1 <D»jy/**5.^*2a>9jy*eAWd:^31ii± % ^Sic7) 

y a<{£t lt i^«a>(4. a<b**w(**«+ic«ai k~ 

^>^< t*,2OBUz0)afiyai*»jiH±-r(3. -tcf^ 
^a-r-Btesfccctb^r. #H*yr*»i o%j^_bifi]± 

Udoi^TUi:. mi&(DMmi tmcxfo&o 
[o 1 4 1 ] **Hsa>fl£R-t?(±. »ia>«y*a>»fiKi= 

x ^ T > J: « -C* ft »J* L T * ft 

40 ECRX^f>ya¥(DfaSfflWCi^f 

^ 0 ^i7hi7f^it y^m. mmm. 
mmmt$m<D}^mmmtf&&o tzt£L. x^^>^ 

[0142] Uaa««i:aH^rt*ft^LT{±. *HJ5fe(D^ 

L^L^?5<b. 11 ©ay 
mi*. *2<oayai«<fcy tjt< Lftit*Ltf&6tt^fc 
x^7-f?i:*-5H o>« y *»jai*. &*y»* 

50 Ul^ttt^?L«:^o **Jfia>»J|-ei*. B30fil 
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[0143] ^mmmm-vit. a^mz^^^y^ 

-OZMfRLtzti*. ffl 1 (c) (c^f cfcdfxO^'V- CD 

LTl^«j:^Sft»¥»ft:S*<D«*(j: 1 5 O /i m 
\ciTf>m& L < . 2 L < f£ 1 O O V m£TF. 5 

[o 1 4 s] #mmo)tem<D&o\z^ % i corny ffi*p\z 20 
mmmmmmit. mm k— tf>^*ff ox^ftt^btt 

M*Lt>o 30 

y . « y swawe r*«K**ifc < a tc lt, 
[01 4 7] dioiis) *nsga>^8(*; mm 

|©I^200//m) K~ L°>^£*toTIv£: 

l^Sffc»l¥*tt*E «W§«0>JS^ 1 5 O ^ m) fc^M 40 
Lfc^li. 3gt6©«3!6 3<tHi:-T?fe-&o 
[o 1 4 8] **16a)»«a)^^^»ilico^rK8B^- 

fSf £a>£^f£o ^i/N-tDGaNSWj^ififCj: 
WILT, K-lf V^SilTL^UG a NSSG) 

H££1 5 0/immo BUfEO^/V- *4f-f1t— d£ 
GaNSfiftC, <1-100>^raoT, 3£ 
£20/inru 8i2 0/im, tf V ^ 4 0 0 U m £ % <1 
1 - 2 0>^f6](C>^oT. 8B2 0/i 

rru tf>>^1 OO/lmfl), H (09J y ffi 3 0 S&Bf&L 50 



or. x^?7-f /<— (cj; y % < 1 - 1 o o>^-fa](c. e 

^f400/im, ;3S£5^rru ISK 5 // m <t . <1 1 — 
2 0>^"fRlfC. tf^1 OO/irn, 3g£ 5 /I fcgfe 5 
/irnCD. l3OSjyi3 0 9SliLfc o £ £>[C. j5*g 
^iyCD®(C % < 1 - 1 O 0>*|rJ|C»oT. tf^^4 
OO/im, l^O. 1 #rru $g(g 5 m <t „ < 1 1 -2 
O^fnJfC^oT. t° ^ 1 O O H rru O. 1 fi 

rru 8R5^m®, IS 2 <OSJ y 31 3 1 O^fitLfc, 

y » 3 o s ^jga?Ji{csfriBB 1 <dsj y ;*fiMS(7>f$i£ 

&Wl£. biJIHB 3 a>»J y 3f 3 O 9 SLfcfiSlc 

[o 1 4 9] X*^-f S^^^^SIBjftL, ^ 
Xy\— ^iP— ^U^^^L^y . GaNlft|f^bg< 
□ ~7-t#L^t^$(Cj;U, 2-< >^0(£>^:e/\— 
*^400/imXl OO^mft0f7^Mt. ^ 

?\ ^^sa>aiiM|**BjydiL/=3f. *a*yi±9 2 

[0 15 0] ^HSfeCD^Sr. *H*y 9 0%JJl±©, 

^J$i±a>fyy3i*^ji6-i±-ric. -jft^^^^w-riffi 

^(CJ±-<T. *H*y(**?l1 0%ia-hft-tLTl^ o 

[0151] *ilS6<7>Jf^-efi. *io>9Jy*a>^(c 

x ^ > ?m \z ^ -5 fc*«ft*at-cat e^Lrts 

E C R X 7 f > ^a^fl)^ ^ ffl C i: # 
£ 0 Ox7hx>>f>^fl «0^f*. 1*^. 

[0152] »iwti:i»«*at Lxit, *mm<bm 

y^Ll^f£l>*.&:^ 0 
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[0153] ^mmomnvit. mztm3(Dm 

[0 15 4] *HSfe(DfF^t?(i. te^jRfcx^^-r^^ 
-f>^ff^Lfc^\ H!1 (c) [C^-T J: 60 

T^&l^ -CD*§£\ (Dfelij**<1 O OlimJU 

Tv *u<r*. *2(0«iy8ijs«PAN&*3a>sijy9fjs* 10 

[O 1 5 5] i&m& K— fc: >^LTl^l^bi^if* 

W%>l~-?&tz&>iZltG a NS«0lS?li 150/i m£TF 
t>m&L<. $6J=»*L<I*1 OO/imfelT. 50/i 

[0 1 5 6] *Si K—t°>^^tUTt^l^G a N 

<&9J y m(ommtm<DW\ y 3kdjs«5 £ a>«jBrai«i * s 

fcf >?$ffotW L X G a NS^CDH^^PI^KC. 15 
T, 5 0 /i m^lJ-^fe^o 

[0 15 7] (H*feo>P«S9) *XK<DJ&!B9I;J:* Sllfe 
<D^ffi4a>**K—e>^ r Lt=M^b%l¥»#S* (MS 30 
&<&JS*M OO/im) Jfi* K— fcf>^£fToTl^ 

[0 15 8] *HSfe(Dff^(DT^^»J(COL>Ti^BJ-r 

£ 8 O /i m(C^*^) 0 
[0 1 5 9] ftrfBOx/v- £ H7-fx>vf>^CJ:o 
T\ JgSJ«*«J(:\ < 1 - 1 0 0>*fil=»ot, 40 

1 /irru IBM1 O^m. t°7f 3 5 O // md:, <1 1 — 

2 OJfrfiHCj&oT. 1 /irru 8SlO/im, tf^ 
f 3 3 0/imO), 5B2(7>9jygf4 O 9 &f&j&Ltz 0 *it x 
T\ G a N*ffi«J<D®ir^f-f -9— y . < 1 - 1 O O 
>^[p1|C?^oT. fcf ^^3 5 0/im, 1 O p. nru |ft 
fS50/im<h, <1 1 -2 0>^[S3{C> / p v or. tf ^ 3 
30/lm, 10/im, 5 O /i m<7X WlG>»|y 

«4 0 8«jsifco fc/su an a>«yai4 o scorn 
ifiiii, as i m y *a>iiBBiaca4>Ai=»iB« 2 on y 

3f4 O9tf-fit-&ctai:t5o 50 



[O 1 6 0] jf-fi/^*, tef ^*^*»ftL, «5 

-7-^Wl^T^*(Ccfcy, 2-f >^00>^X/\— An 
b3 5O/imX3 3O/imft0f^^#Mfc o ^ 

-*\ ^^fi^jftuttsaytaufcHf. *H*yc*9 2 

[0161] *B*y 9O%a±0, 

"jtica(ft4ctft< . b 1 tmz(Dmvm$:fc 
j*u *2<Day*i6«*afc«i^wi***jBia«j:y 
*ss<»j*u ^2(D»jy3t(*agi©si]y3t*s<fcy tiSfe 

<«WKLfcci:(::«fc4o 

[01 62] o*y. jft*IBt«&££ia%a>£4kttH#« 

ft 2 o>n y »ie»*<aibft*»(t**iitt«cfc y *>m 

< . IK 1 <D*J y 3fA<SS 2 (D9I y ?1f £ y tSB^fil^i: 

[c^y. m2co9iy/ : gi^cfcoTfijtLtc9i^^\ 

BrffiK t?9]*l £ f= tf> (c li . 12 CD9J l ) Mfe&fr bil2 

a>9J y ;^/s^t*cds 1 (Dsn y 3t©ie«p(Di5r«t*M^©js 
[0163] *fc. «2a>*jy»isffl^ Sfls**«{* 

ia«-r-5c:i:*<*<. 3W^*fl)*±**ft«f«J:(t 
*><Tr^£o L*^LftA<&. »2a>Sijysg*x^^>^a 
(CT^Lfcfcto. ^P4lXXfi3!)<^[C^y . X^7^ 

zrm&mtf 3&'j> Ltzo »SG>»t>* 2 com y 

fe^>o *fc. SBia>wyat«4k«2(D«iy3WB*<»ft* 

-<^<h. T^^*m*yOT£TLTl>i>(Dfi. ^^bJfei 
[0 16 4] *HSfeO^JB-c?l*. SB1<09iy«a>^ja(c 

-S„ ^n:>v hi^f^U ^^It. »«SI. 

[0 16 5] *a«<j:*»ffi*a^ Ltll *HJ6(Dfl£ 
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7-r^**ffif irtft^o LA^LftsWa. lfn<z>9jy 
to. x^-r^icj^igi ©aysHKritr*. 

[0 16 6] Sfc % *3IS60^sST?ri. »2<D9iyg»S 

x^^asfrafctoicf*; g v^?* — aifi(=«fc 

»*Ll\, HJfr&JBK 6 Tfi$-</c £ -7 fc. 5^:?#9I£ 
^^(C-r^fcto(C(iG a NS&<Z>H£f3: 150/i mJSLT 
36<»*L<. ^b(CjffSL<!i1 OO/imi^T. 50/i 20 

[O 1 6 8] ti*K— t^^Shri^^Ga N 

[o 1 6 9] ^mmco^mcom^mi^^x, msom 30 
yaitLT. *i (Diuy^^fe-s^iimaeDiijyjif*. 

tL<l*. f 1 4tSg2<Z>»jy«H*lc. X^^-f 
^^MLtf^y^lILt^gK 0 1 (c) 

K^£3f^ SSl©»jy»*L<l±m2©9Jy9!©:r 

t^ 0 dCD*I£\ ^xn- 1 OO/imJ^T, t 

L<f*. jgid>9jy3tis«A^aS2<D»jy*is«p*-ca> 

^£*lT l>$rl>£ ^(TXgXfe^o 40 

[ o 1 7 o ] mmoymm 1 o ) *n«go)^js 1 o r*. 
mmmm 5 k— e > y l fcSfc«a¥3H*x« 

fflli»3 0 0/im) **K— fcf>>f£fro 
Tl*fcl>g*b*l3M«*S« (IIt0l^2 5O/im) 

[o 1 7 1 ] *SH6a>»ft<D^^^»l!lc-Dt\TKwr 

fB-TtOJ^f^o Ox/\~0GaNiMJ^iiI(CJ; 
I^^250/jm(:« o KfEOx/N-S K^-f x^T 50 



>^(CcfcoT, <6SJ&S«!ltf>®l:: % <1-1 OO^rS] 

raoT, ;^5/im, M2 0/im, t°7f 3 50/i 
<11 -20>M(C^or, 5 ^ rru £M>g 

2 0jfim. t°^f 340jum(?), tg20>9J L J S 5 O 9 £ 

y N <1-100>M:;^T, t°7lF3 50^m. 

1 O O flnru jS*g8 O/im^. < 1 1-2 O >^fS] 
IZ}£oT\ t°7f340/im, 1 O O/irru JSIS 8 

O/imtfX H1 CDfljygiS O 8*l*Lfc„ fcfcU Bb 

1 ©ay y at 5 o s (7>^^fegfi. m 1 m y 3to>s*si$fs 
4 , *(CBJiBS2o>9jy 3ts o 9£<— grr^aic^-^ 

[o 1 7 2] ^>fv>^ Jtffi^*^*j)ttfcU ^ 

P— ^ — Tfff L3TS*!Cj:y. 2-f >^0CD^X/\— 
3 5 O /i mX 3 4 0 /imftfl)f fc 8 T 

-r. n»^aa)«ii^ifc*»yttsLfcHf, *B*y(*9 2 

X/^fCcfcor^Lfcfcto. ^n^xxi^HMfc^ 

y. x^^-f^(cjt^r3t*BA<*#<. *-^x/%-^ 
[o 1 7 3] ^mmommx. y 9 o%^_t^ % 

a)^cfcyt,i<ML, ie 2 <*>9i y 3f 1 o>9jy» 

[0 17 4]0*lJ, J**R*S«*l^(Z>M*Mfc¥* 

m 2 (D9J y 31 J£«tt<£fl:tt#«{*K £ S4£ ^ «fc y 

t se < . m 1 a>9j y 3f*<m 2 y y 

ctlCcfcy. *209Jy»lcj:or9J*L/=9J+L«A^ § 
S«WraEKt?9J*i^/=to{cf± % ft 2 (7)9! y 3tlS»^ t>» 

m 2 co9j y 3fjs«PT*(z>» 1 cd9j y so/ga5a>^^(z 

[o 1 7 5] *fc. S2a>9Jy3fJ£*pa*. S^bfe^tt: 
R<tS«^(7)SScfcy t;St>fcto. ^^^»9J0>IK(c % 

§0 S1 <Z)9jy3SBi:« 2 (09Jy ^SSi 

[0176] ift^is^ib^^^^ ^v-Jo&m^ 

t°>^ r LTL>ftL^toy=i:^x.P)*t-5o Lt^L 

2ojsi±a>9jy**^jai±-r(c. -jsic^^ 
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[0177] n (D»yai<D»ja(c 

£ a ^x-/ Kx^^v^ii. 37^|£. XftWift. 

[0178] Manftaf^jie^ftt!: Ltd *sijfea>^ 

>ff(£. « 2 ©id yai« J: y £j£< LttttWitt&fcivfc 

to. x^^-r^(cj:-g)igicD»jy^ff^!i. fc*y»* 

[0 17 9] *HS60ff^TMi. |g2(D*jy^tI 

L**Ltt3&<&. #**6<Z>fl2»aK *2(&»jy8f 20 
St»*Ll\, fc-tf^lf. Cft^tDx*/^ 

ffl-r^c^tccfcy. ai»rt(=cfc*. 

fEX ^ ^ >4f »*ff 5 fctolCl*. U 7^7 3? Y —affile 
[0 18 0] ikm% K-t 0 >^Lrl^ftl^M'^b^#^ 

^%{Z-t&fz&>l~l£G a N^«(7)IS£l£ 150/i m£LT 
t>m r £L<, *blC#*L<l*1 OO/imfilT, 50/i 

[0181] #5M6(Dfl2®-i?f*. *i a>ayait*2<D 
ayaf*^rtLrjft»«n=*<ftofc*»T?. ^ia- 
*^^^»si-r**:tf>. si ©»]y«js«P^t>B2a>sij 

y*JS»*-t?<»«lKEIt35<SL^c:i:A<»*Ut^ mtiBttJ 

H^<tP4i(C. 1 50/imlilW^L<, ^^(C^f^ 

L < (i 1 00/i ml^Ttfe^o WsB«lBriE)*<0l5^(DT 40 

kaii*. wicH^ai^ fc*y(cts»"r#*t. * : f- 

/f b 0 * = 46 0 3? p -b X * I z ^ x / \ — ?b < SU ft * X L * 5 * = 

R««TlISia>Tia(fi[*5 0/lmj5jl±7!)<M*LLV 

[0 18 2] *fc % *SM6a>»!R-(?WBLfc*** K— 

^150^m«fcytS<LtMo C(DC^(Cj:y. §ij 

yai»^m?(±«>f**ti=< t x «fc3icL-c. 

[0 18 3] *HffiC0^(Dil]y / : g(C^)Px.T. I30#] 50 



it, * 1 ©sy**fc*iM**2(Dfflyiii*K 
v^jeritLT^^^SL-ctftu^ *fc. bi (b) 

JBl<3!>ay»t.L<l±*2<D«|yS(<Dx 
l\, 0x/\—(^)^lJl7b< 1 0 0/im£lT. £ 

L<ii. «i a>9jy^/sa5^^B2<^iijy;gjsa5^T?(7) 
[o 1 8 4] (3liI&G>Jl$flB 1 1 ) *mm<D$m i 1 tt. 

[0 1851B6 (a) It C®^7-f7SSSl 
O. niG a NI2 O, RSf*g3 O, SI K-t'^ 
lfcnlGaNlll40, nUG a NA*777l6 O 
1 . niAhlGa 1-xl N^7^KI602, ;£1±J1 6 
0 3. piA lx2GaN^7^ KI604, pUGaN 
=3>£^7 HS6 O 5^£«j££ftTL>£o 

[0 1 8 6] ^T(C|H6 (a) a>SHb»l*»{t**4f>f 

[0 18 7] MOCVD^Clt77^7lS 
ffi 1 O (J1^4 2 O jU m) JzfCl^ 1 /i m0nlG a N 
!|20£fiJIL. MOCVDgt^^®ytllto <^l^> 

OOnmORiftlSML U V^^-f— ft«l=cfc 
y. -7X^*S7 jurru t°^f 1 O /imOX h7-f 

ft<. *H«ga>^!6a>-9-^r-<Tmn(=. sic, xt° 

^;U. ZnO. MgO v S i. Ge. GaAs. A®+f" 

i Nx. T i 02. A I 2 03T?£>>£>o ^Hffi^ff^S 1 1 CD 

[0 18 8] «IC H V P E^ff (CfiJfSOX/\— ^-iz V 
h t6*«S2 xloVcm 3 , S i Sfi2x 1 O 
18 /cm 3 £ F™t°>^LWb, I^200/im(Dn 

SGaNii4 0SMifc o ^mm*%mm 

[0 18 9] gfrfEG a NII4 O Ltc 0 X/\— 

K/MOCVDgtCt^ hU 110)^11 ^rlHl 
*©**jftfr"C 16 (a) |C7F^-M^b^#«*^3 , c^ 

[0190] ^{c. ±ES<b**SK***y-f^-— 

[0191] 06 (b) it seiosiyjif 6 o s ^m2(7) 
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HU 91 6 o 9(7)fI/££^L-cu£ 0 

[0192] ^mmommcD. me^comit^mi^m 

6 0 0(2. nlGaNl20, ^* K~ 

t°>^LfcnlGaNlil4 0a)»^fe^^\ K 
-e>^LfcnlGaNll4O0)^ ^fclinlGa 
Nl2 0<[:SlF-t 0 >^^tlfcniG a NJm§l4 0^ 
^*§/&£;txT^T£&l> 0 nS!il6 O Git. % 1 <D9J 
US 6 O S^ff^Lfc^. W7-f7lMlO0)ii 

[:t i / AgJIilti^o 

[O 1 9 3] -hfH^ni/N—cait^r-f 7lSi^ 10 

[0 1 9 4] iUT, P lGaNa>^^hl60 5± 
[C. Pd (3 nm) /Mo (3nm) /A u ( 1 O n 
m) ^;fcttp^^6 0 7£U V^^-ft 

ft[zm$c? Z>t-shxth& 0 
[O 1 9 5] gfrlB^/v- £3^-9— (c-fe^ KLv i£0 

lOO/im. tf^3 5 O £ mCDmmmVMS O 8 

isi (b) (c^m^ff^T^/& Ltc 0 m 1 a>m y 

O (niGaNll40) *^©J*^£«fc 5 lCfl*J*£*l 

xi^ Q Kia>ay*6O80>3WBf*. Bi»t3oo) 

tf7f(Sl O /imiChb^r, +^*#l^c^>. |6 30 

mmK ^*icfcy *i<&»y*a>»j«& 

St*. M*7X*fiI± (ttj«5 1) [zWtffct&zk 
S1b«¥»#Rld:. yWIBVX^«J:T?A 

[0196]fc «7^7IS«:, Ti (15 
nm) /A g (1 5 O nm) nlll6 O 40 

j£f£o d0>£#. 9Bia>«y»4i(=*«^ai5V$«t« 

&*s»yarr^£*«-t?#*. 

[0 19 7] ^IMT. ^iy\-0)^7 7^7lS»j(r 

r-f7«at*«ST(=Lray#(t. isf^^^-ea 
s-r^c n^&> x^^-f/<— o>y-f -v^> K«-e. *§ 

SJlW^ (pSGa N:3>*£ h«6 O 5^ffl) 0)S_t 50 



A*u JB2d>S!y3t6 o 9£tej&-t%> 0 tztzL. mzcD 

sjyate o 9©»«fit«f*. niBff i o>n y jr 6 o 8 o> 
11-2 o>^f=(i< 1 - 1 o o>^[pj-efe§ 0 

[0 19 8] X^7-f^ Xffi^^SflWfcU O 
?f- ^UA^&WU»y. GaNS«l^b8< 

^b3 5O/imft0f'^BSIfcc IU6 (c) (C# 

&*ufc^^^o>»**^o =?v-J<Dmmm\z'?^y 

[O 1 9 9] #3IS6a>fl2«ST?. 8 5%£Ui(7X PjfM0)i 

R£. K— e>^tfcP^^bfei#^tt;SS± 

kjewiu so. -mzwm^-&z.tti:< . *KD»jy 
T?s»*r & & 5 izmmL. m 2 cofij y »f±iB 1 (Dm y » 

«?M6 0 o fc[^<D^b&#^f*^fc6c£:^ 

f^sta* k— e £ *xr i> 3 tztofttttfmm iz & o 
ct*. *icD«iyai*<»2cDay*cfey*9MBA<i6 

<. ^O. f 1 <t|g2(09jyS(C^ltT^3»f^->g)C<blC 

J:y. S2(D9jy3f(cJ:or»J*tfc»J+Lja3b^ ^^ok 
K«t-e»J*i*fcAizf± % m 2 (DM y bll 2 a> 

y »js»T*o>jit 1 <D9J y ^©jsaj^^^fcuj^-r 

^L^^<. LA^ts *l(DSijyat««^f±. M^bfei 

a>»t^2©aygf*j6afijifi«(D®(c^fi6Lfca>i±. 
M®as*#<«fc^ifc§o H a>9jy3f«t« 
2a>ay3MB*<*3S:*3lSi4 % Xlk0>»tt1 

[o 2 o o] ;^[c % £4bfe¥W{*R6 o o^fciS^ K— 

$fro/cHR(D^b«3*#«:R 300/im) 
[O 2 O 1 ] K— e>^LTL>feL^*(DilRCD 
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[0 2 02] JiIES4(^oint(4. 5EA^T5f*at^< % ft 

fc«B#si«»«s*aLri^* 1 1 1 -mm^t vj^ht- 

[O 2 O 3] *H«5<D^®0«fiJtT?J»m K-tf>^ 
^ t°>^^ ^ ^>^7b<* < . FJrMtf)ff:M*(x^ ^ 

[02 04] *nj6(7>^jB-er*. fti <owy8ia>fl^jai= 

ECRi*;f>ya»fl)*4*ffll^^i:tfTf* 
£ Q hX7f>^/(l ^^it. f^«». 

J»«»i:»aa>a**j*»3&<fcSo f=*=U x-/^></ 
**rdf::A&lx|£. 'JV^77^-a*:«fcS^ilI 

[0205] mmtfy#mf&fl&5&t ltiz. *mmo>M 

7^?**fiEfflLttfil\ L^L^:^^. ft 1 <7>S«y 

jsi*. *2 0)»yaMBcfcy ! fej£< Lfti+ixtfft&ftt^fc 
x^^-f^iccfc^m 1 (Day»^jai*. &*y»* 

[0206] *fc. **ife©»tB-e(*. *2a>wyaW5 

I*, ft-tftt&tf. 3MB** <* Mofflaic. »HMJto<RF 
ng-efcy. y-f *»^x^^>yirlfc-<T. ^x/n- 
^[}ffif^(ciS^x/\— *«y W-5BS36<*ftL x <0^. *— 

£ Q £b(x. **J6(7)»fi7?l±. tt^CX^^'f^ 
-f >*fl£jSLt=:*<, 0 1 (c) ic^t^ai^XA-^ 

rtiSiv «ia>9]y3tJ£fiP^&|g2Sijy3t 



[0 2 0 7] *fc. ^77-f78Sfi 
Sii 1 1 2 5 0 /i mgJtStf*< LfcA<, *3SBJ?#£ 
(x «fc t77-f7lM(?)ll^(i2 5 0 
ii mlsTF***?* L < . *^>(C»^L<f*20 0^mJSIT 

[0 20 8] *Hte(?>^teCO#m(i. ft 1 0>9l y « JSSP 
10 rfflSMi K-t e >{fStLfcab«l#*tt:l6 o o*-esiI 
Lrt^-Bcifct. 1R 1<DM y SlJKff ft 200*1 yaiJEffi 

f± % *blCff*L<l*1 5 

[0 2 0 9] #SJfiO>fl2Sgl±. ±IB*M«*S*LTlVh 

f£\ *J6(D»«2i:3<D. ^:7#«;frft*fflivt*« 

[0210] (Hflgco^tt 1 2 ) *£Ht<<Dfl£fi 1 2 fi % 
*tfea>:H3lS 1 1 tfX ft2(7>#]y^*x^>^£(x£o 

20 x&mLt-VLtut, mmomm^ 1 ^i^it?fei) 0 

[0211] SHb**»#**y-f Kiatf©8 
5t*;4(i. Hi6a>fl£©l 1 (B6 (a) ) <t[H|*§T?fo 
£ 0 fztzL. n!GaNBl4 0lt **IS5X10 
20 /cm 3 . S i «M x 1 0 ,8 /cm 3 J K~ t°>^L 
H^M 5 0 jt* mjSjI:Lfc 0 

[021 2] Jbiag<btt#*i*«3tey*f K* 

30 [021 3] HH 7 ( a ) tM7 ( b ) l±. « y 3|0>«f J* 

i7*0)^bWf^l7OOli, nSGaN|20, 
SI**K3 0. «iK-t°^LfcnlGa NSI4 0 

<?K *fcl*nSGa NM2 0i**K— tf>^**Lfcn 
iG a NII4 O^^ffijS^^XTU^T^^L^o 
[0 2 14] *T> ifE^x/x-cD-tf^T-rTaSK* 

40 [021 5] m^. friH^x/\— £u v^^^-r — ji-e 

j^3/im, ifi50/im, tf ^ ^ 3 5 0 jU m(?)B2CD 

ay 31709*. hi (b) ic^-r»^-»«-e^ja l 

17 0 5±|:, l JV^77-f-af$il^Pd (2n 
m)/Au (1 O nm) (DKRIC 2*ttpitfll7 0 7 
*/^^ — >»fiR-r«o ^(x. fjlBpllSff^^fTotc^ 
50 X/\-*. «I©B**»ALS*<&, 650°CT?N2 
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T\ SK2(DWy*Jfe»(C. Ti (4nm)/Au (10 
nm) [U^niIMil7 0 6»lt« 0 *fc 
(4. nS?3!3fett««7 O6SS8J60>^1 1 (Oct5r=. 

3d<»*LU^o 10 

[0 2 16] ;^(C. OXA-^lILt, ^77^71 

[o 2 1 7] MfB^x/v- *y-fU— ic-fe^ h U K«5 

I/\-OT7 7>f7iSMj(I, 

1 OO/im, t°7f 3 5 OfimOm 1 <D»| y 31 7 O 8 
i1 (b) fc^tt^HM*-e»|*Lfco fcEU % 

1 ©si y m 7 o a <DflsjjM&»4. m 1 n y skdibkisk 
**rc«rsBi6 2(D9jyai7 0 9*<-a-r-6cfc5(cL. # 20 

ibWS^LKI 1 -2 0>^fcfi< 1 - 1 OO 

[0 2 1 8] «1(D||U»7 0 8tOStBtt. 

(a) <Z>E£ij«5 0. 1 CO^*>t><7>^g-eff^LT 

t^i:tfe^ 0 *10)»jy»*S*<»l*f*K<D , vx^Ki: 
I^JHAv *-*icfcy£»l*»£-f4. H1 OtlUSliAttK 30 
(«»5 1) (c^f ^c^^jf 

Tff L^T^^fCcfcy v 2-T >^0CDOx/\— ^ 
b3 50/imft0fy?$*»ffc 0 T^^aXOBrffll:: 

[0220] #5!Sfc<Dfl2®-T?. 8 5%vm fifrM<7>ff2 

ayxj&tttfttx K—tf>^**Lfcafc»**itK7 o 
y*f*«i a>sjy3WBcty Lfc^^jcfc So 50 



* (c Jfi**< K— tf > ^ £ tiT l> 6 fc #)^9J A<gg (c £ o 

<fcHi<, 9R 1 <D9J y «*<36 2 £>9J y at j: y t 31 H*< 
j&i^c^fccty. ^2(D»jymic«*:orsim/=9jtL« 

frt>K^2 a>9J y »iS»T*a>JB 1 com y 3t0>jgffia>fij 

«McliM-r^L^^<. L**t. m 1 0>9J y 3f««JSl 
*fc. S 2 ©9J y 3t/S»*<. S4b«B#«f4:«ftJlfiLKJ: 

*g<z>sH*ig 2 co9j y 3t*isajaftffla>ffi(c^fiK l*=(t> 

[0221] LA* L »2<D9Jy3t*x^^>^ 
[O 2 2 2] SlJfeO^JSl i Tf^fcctdr-. *nt£ K 

-\f><?Ltzmmomim*mt*m7 o o£«as«jti= 

cOjgMi^^J t L < (4*|fillc cfc o r t^^ (c9i^S C t 

[0223] mm ^—^^^^H^-Dtzm^cD^mm 

[0 2 2 4] *HSfe(7>fl2|g-T?li % |g 1 0>9Jy^(7>ff^n!c^ 
S e ^n:^ hx^^>^|4 % fi»Jx.tf. Kifitt. 

L?SA<t>. *i<o9jy«f±. *2(z>9jy3t««fcy tij£< 

[0225] ^fc. *SIJ6a)»j|-c?i4. m20>9jy^*l 

^l^c LA^LftA<f». *HS6c0M^0)|g2O9Jy«l4. 
K ^ -f x T > y ;i * tz it 0 x ~j h x ^ ^ > ^,^3&<a =fc 
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[0 2 2 6] S&CI. B1 (c) (C^^-cfcdfCfljy^CT) 

[0227] *nm<oi&mx*. v-^r-crm&^ 

CTcfc£ilKl::cfc6£. +f7r>T7lSffifl)I*li2 5 0 
/UmJUT*<»*L<. $b[^L<(i200/iml^T 

[0 2 2 8] *mm<DMm<D&m£. Kia>ay*jt» 
srtcfi^-r^c^. sRia>aiyxjsffi^9B2(Dny3iJS 

«ira>^OBrjiBWISS< LTl^S d<fc-efc£ 0 flriE«J»r!Eg 20 
gtl*. 2 0 0|/mJ5JlT*<»^L< . £t>lc#*L<l±1 

[0 2 2 9] ^SltttDJ&tttt* Jtffi1$«£&^LTlvK 

[ o 2 3 o ] mm<z>%m 1 3 > *3Bfca>fl$s 1 3 1*. 

x«*fflL*fc»*<D. aysifl^jasiPit^^^ttcco 

»ica-rs*a-^fc^o 30 
[0231] >f»aa>satt**itLfc»^. ay 

3t<D»j4*lRltt. <1 1 - 2 0 >*|n);6<ff* L < . 

< 1 - 1 o o >^ip]i?fe^>o ffirlB^ipj^t). ±5° ss 

ray»*»j*u »aiTi?**«Bii 11-1 o 

O] ®Xfo£o *fc* HUfE< 1 - 1 O 0>*fillC»o-C 

»y»s»rtu »HLfe#*aBi*, {11-2 

0} B5"efc<£>o 

[0 2 3 2] b 0^ [^] (7)i^^frii!C cfc o t ff^Jt * 

spff raffle. jEAft^&^o ay*a>»**ia 
^ ^^«(c»a-r^c<5: lu^o ay» 

(7>fl£jS;*[R]rt<< 1 1 -2 o>*ffiia)^t?l«ia*4xfcs IE 

^^^a^a^*iS]T?fe^fc^. T^^»atD*B 
*yi*A»-efc*o ±E^^^«©rt. ft*H2£SiR 

1. 0 1 ~4*<»*Ll\, *&lc»*L<f*. WIB** 

fl^a>Ssa>*iRiA<< 1-100 >*fp}t5. S5aa>*iS]*< 50 



<1 1 -2 0>*[S]trfe^ o c*U£. f^^»|](J)#g 

&<i i-2o>^ini^. ^<nyiff^i, 35 

fB*!S3i:H:-<T^^^a^Stlt^< 1 - 1 o o>Sr(S] 
< 3f fl2JSt" 5 fc #> T? fe £ o 
[0233] *fc. ±E*fiH«icfliJLr. ^^fl-a 
0>Hlt«:*fil*Siai=3H^J«LT»a-r**^. l/s 

4 0>i§£\ jl«COT^^a8#<3>. 4flt(D*-(?a*^i 
A<1?^^o ±IEL/Sj£(DJi|g£4|CLTl^(Df£. 

[ o 2 3 4 ] (HjS6o>^«i 1 4 ) *nmo>mm 1 4 

[0235] ^^^a(Dsait*#flLLfc*^. ay 
«<z>^*iRii±. < o 0 0 1 >^riRi35<»* l < . 
2-1-1 o>*riPi-^fc^ 0 wtE*iRi^e». ±5° mm. 
*tf*iturta^o Srffi<p 0 o 1 >*iS](c^ot 

ay**»j*u »aLtt?#«Mii {2-1-1 

O] WX&& 0 »JfE<2- 1 - 1 0>^fp](C^o 

TSjyg^ML, ^HLTT?§§S®lt {000 

1 ) ®"Cfe^)o 

[0 2 3 6] CH^CD^lRlOffli^^l^ctoT^ja* 

[0 2 3 7] JifB^^^tt^J*!. ft*»*aRLfc» 
£\ S*^(7>ftiaL<!:Sjasa>a:A^ L/S=1. 01 
~4tf«FSLl\, *£C:#*L<I±. »IE**»0>fiifl 
<D*Ir1A<< 2-1-1 0 >^[p3-C. ^i2(D^Tp)^<< 0 0 

0 1 >*r[niT3fe^o etui. f*^»i©iift<oo 

o 1 *<ayawBjau srre*ia tit 

-<r^^3f»ao>Hlt«:<2 - 1 - 1 o>*Gj*d>fe< 
[0 2 3 8] *fc % _hlB*aB8««cli|Lr. ^^^»a 

(DHitft*iRi*fiiar=*^fiiLT#a-rs»*. l/s 
^^»aoai«*ay9iic***D^sct*<-t?*. 
4tDi§^. a«a>^^^»ai»a). 4«a>*t?a*ci: 

^-Cf#^>o ilfBL/ShbCD±PS^4^CLrt^^CDfi. 

!c s iBSL(c< lNfc^-r?fc^ 0 ^oX. TvZt&ti&B 
Mt-f&m-glt, L/s*MJ;yt,*t<&ot=fc^* 

[0 23 9] (HJfeCD^sS 1 5 ) *HJ60)^ffi 1 4 (±. 
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mmmm 1 1 o^nc^r. Rffimt^mfo 

[0240] ^:7#8y<D8Stt£**LfcS^ MU 
S©^*ffi]f*. <0-11 1 >S-[pIA<»^L< . <fcfc 
<2- 1 - 1 0>^ffp]-t?fe^ 0 BfjfH^fp]^^. ±5° li 
££T?r*lTlvCt&l\, B"JfB<0-1 1 1 >^[SllC;U 
oT»jy»*^L. »9JLTT?#-5aS®f± {2-1- 
1 O] ©rfe^o fufS<2- 1 - 1 0>;£iDHr>£ 10 

oTl)<JS»l$L, »9JLT-C*-5S®I±. {0-1 
1 1 } Hr&£ 0 

[0 2 4 2] JhE^^ttO)!*. fi*^*S«Lfc* 
^ SS"^a>*5aL^:SfflS(Z>a:/)^ L/s=1. 01 
~4j6<#^ll\, ^^>(c^*L<(i. «HE«*rfl^a>sa 
(D*iDj35<< 2 - 1 - 1 o >^ipj-e. mm(Dj5fatf< O - 

1 1 1 >;£-[pJT?fc£ 0 ctt(i. ^s/:7#9J<z>^ft<o 

-1 1 i>*iri*. *<wysi»i»u arc uib^ipi 20 

Co 2 4 3] _hie*teBBS(cfii]Lr. ^^^»9J 
0)Hltft*ft*Sifllc3|»rtLr»a-r*»^. l/s 

^^9lO)H»lft»jy3t{c**lPx.-6ci:*<-c?^. 

^9J*S^(Cf SC^3&t-e#So L/Sjfcj&< 
4(7>i§1^ &S<Z>^ :?#9M0>. 4fg(7>*^9J^-^ 

*><r££o ±fBLXsi±cD_t^^4(cLTtv^a)(i. 7 

(c v ffi{SL(c<u^=«)-efc-5o ^oT. ^>>^9J^g 

«t-r*»*r*. L/sA<4cfcyt*#<&or^* 

t>ftl^o 

[0244] (H35ta>j^® 1 6 ) *HJfeCDJE^ 1 4 te. 

mmomm 1 1 o^nc^r. As^kafstt 

S«*ffiL^fc»^0). 91 y 3|fl2jSt*lR! £ 

[0245] ^^^»9i(©s»tt*#atLfc»*. ay 

»fl!>»rt*filtt. < O O O 1 >^iffi]ti Kit <0 1- 40 

1 - 1 o>;fr[S3-T?&£ e B9fB*iP]^t>. ±5° fijg^r 
rttr^r^a^o mifB<o o o 1 >#[pjic;ft-o-c»jy 
^9JLTT?^^iS®{i {01-10] ®r 

MfS<0 1 - 1 0>*|6]**t>5 7. 6° <D 
*fillc»oT9iy»*fl&jau #9ILTr**S»ffltt:. 

{01-1 2} ®rfe£ Q #JfS<o 1 - 1 o>-% 

lRHc»oT9Jy»*fl^i3cL. #9JLrr#&«®fi. 

{000 1] ®r&£ 0 

[0 2 4 6] C+LP><7>*|Ria)ffl^t>1±ICcfc Affile $ 50 



ti&TvJi&mt. JE-fim. h^i^. ¥ffegi2 

ra. ^^*<fe^ 0 9iyat^^rt*ei36<. ^ft<^^<o 

0 0 1 >^fp]^ L < lt<0 1 - 1 0>*|Rjfrt> 5 7. 6 

[0 2 4 7] -hffi^^^«(DP*g % <o O O 1 >^]p\t 
<01-10>*|S]^b57. 6° a>*fnj£*ifrj;3 

Hft^«tL<tt¥ffraia^«(c^^^9JL 
fc»S\ ^ic. ^:7#9l*<8«ft*fiT?fc*fc#. ^ 
^^»9J0)*s*yf*a»t?fcSo jletf^^jro) 

F*k <0 1 - 1 0>?5fat<0 1 - 1 0>*|pJj&x&5 

7. 6° <Z>;*|q] 5 ic. ^ffmilll&tem^Ty? 

#9JLfc*6\ SjfS¥*T E3523^(DS52<7>S-|Sl^< O 1 - 

1 o>^-fS3r\ *jao>*iR3A<< o 1 - 1 o>*isjanp> 5 
7. 6° (7)^fS]rfc^ 0 c^te. ^^^9Ja>ssft< 
01-10>MN b 57. 6° <D*|S]£. #<9jyat 
Mf&L. ffi(c, fflIB^,tit-<rT^^9J(DSIItft< 

01-1 o>*rpj*u>ft<3t^*-r-6fc«)rfe-So 

[0 2 4 8] *fc % JbgB^^^ttOrt. 

1. oi-4^ii\ ££>fc#£L<f£. use** 
^a>S3aa>*fpj*<<o 1 - 1 o>3riRjr. ^52<£>;£rnjj&< 
<oooi>^t?fc^ D c*tf^ ^*v^9ia>esft 
<0 00 1 >?frRj£. #<9Jy3H2J*U »(c. fjfE* 
ftt&^x^v-Jftm&mMteKo 1 - 1 o>*fci£4> 
ft.<»»«-r«fctf>t?fc* 0 ttE**»«M*a>* 
feH««c«Lr. ^^^9J<7>HKft*rrRi*S2Hc3{j^ 
j£Lr#9j^f L/sit^UU^ti^ 
rcomi^b. »*ft<5 t ^^»9ia)Hltft9iy9Hc 
*£;ta;*&c£;6<r£. ^>:?#9J£Sa(c-r£c£*< 

SJSfO). 4f&(Z>*r9JSci*<-e#-6o -bfBL/sjico 

-tlS*4{CLrl^^CD^i > 

^A-tlC/^y^r— ^-TSIBrc. El L(c < l/^abr fe 

tor, T^^9J*awt-r^*^f*. i_/sa< 

4 cfc y < ftor *3£»N*t>ftU^a 

[0249] (^Sfe(7)^S 1 7 ) *HJ6<7>flSJSl?l±. M 
[0250]Jf, niGaNliSOOOggMl: 

oivrift^-r^o 

[025 1] i8 (a) (J s 1 . niGaNS 

ffi8 O OA^^tl^6^^^rL^r. n|GaNSS800 
It fS/<^7 7l1 5, niGaNl2 1, liffi 
3 1 . i&m K— e^SftfeniG a Nfl4 1 
J5£^tLriN^ 0 

[0 2 5 2] MOCVD;^l«1 1-h(C«a/<*/^ 
7ll5j5 5 0 0 C-etlt^ 0 «:, 1 0 50°C(7)|t 
SSST*S iSK-f>^Lfttfb, 1 jt/rn^^ft^n 
SGaNl2 1^Mt^o niG a N^2 1 ^fF® 
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& % MOCVDgf^b, gjfB^X/V- £i&y*£U x 
— C V D;it L < (iE Bit ;i^fflL\tiI 
M31^100nmML, ■JV«7i'-aiT?, 

X-T^o BdlBX h^-f Zf%mit. nlGaNl21« 
LT<1~1 O 0>*fS](cx h7^f^MLt, tijfB 
*ftfC^LTSl7jfa(£>< 1 1 ~2 0>^fS]{CX K^-f 
^S5/im, t°^f 1 O/lm^lI^h^^^*^ 
— >£ff2j£Lfco «lvt\ MfBX h7-f ^ttlcftlxL 

tzmmi^m3 1 w^t-^x/x-^H v p Eii^ict 

v hi, jaS;SJSl 1 O0 o C. S i ;m^3 xio'Vc 

3 5 O /i m0^t H-t°>^^^fc nMG a Nil 

4 1 zmm-t&o 

[0 2 53] ±IEaMaiCc):otnSGaNll4 1 

«-t?»IBSI*«1 1 *«**y. niGaNS^SOO 
£^SLf:=o n!GaNSl8 0 0(l K^'V77l 

nlGaNSffiSOOfi. SIS#K3 1 
[0 2 5 4] ±IBnlG a NSI8 O OOSJlMf^fc 

l^T. aSffiti. cm-^yr-CT. MM*)-? 7 4 7* A 

H+^T-YT. GaAs. Z n O. M 

gO. Xt^ik S i. G e(Dfa:h^£JBLVh(£&l> 0 
<5;a/<^^T» 15lt 4 5 0 0 C7b^ 6 O 0°C(£>j£^m 

7l, ftSA lxGaHNA'V77l (0< x < 1 ) . 
ftgl nyGal-y N/^^tJI (0<y^1) (DfttLfr 

SfflivhiiAiv, S§«i*K3 1 ri. s i o 2 iL s i Nx 

lGaN|2 1lt nSAIzGal-zNl (0<z< 

1 ) tt-Qrtai\ 

[0 2 5 5] Jfi* K— tf>^^Htcn^Ga NHB14 1 
\£, i&M K— tf><7£*l?c niA hGa1i« N JSK (O 

<w^i) -efeprtifti^o ***S(*±.lBHlfea)^s 

[0 2 5 6] ±EnlG a NSS8 O OOgS^aCfc 

[0 2 5 7] £T> MOCVD;i"(?S iISH 1 (H 
,^4 0 0/im) ±{C^f1 /im(DnlA I G a N8S2 1 
£WJBU MOC VDgt^b^y tB"To fc*£U H8 

(a) !:^Lfciia/^77l1 5(i. 8liL&L^4< 
cfcl^ *fc* *»H#&<D»fU=J:*£* BUfBnMA I 
GaNl2 1(l *PtS.< H100 O°C^lJtC0^t^;ajg 



[0 2 5 8] *(c. ±fSStit73;££[l^[c. atftK3 
l*fl2fifcU U V^^^-f— tt«l=:«ty. Xh7-f?tt 
(cjbnx-T^o SSi^r. h v p E^KdSrSE^x/v- £-tr 

^ h L. fi*^S i * K— t°>^Lft*<t>. n^GaN 

< % )5i»f*2 0/imj^±fc*ti*&i^o ±tzn&J3&tm 

10 «0)*gfe**»t-r 6H-SiCiSI, 
4H-S i CIS«, 3C-S i CiatfiT?fe^o 
[0 259] ^IC. ±ffinSGaNSS80 0^ffl^ 

[0 2 6 0] HI 8 (b) I±. Sft»¥««*U— Iffllfi* 
TFLTfcU, niGaNlli8 00, nUGaN/^^Z? 
rJl8 O 1 . niA I O.I G a 0.9 N^7^K18 02, 
nlGaN*AVKl8 0 3. JStti8 0 4, pSA I 
0.26 Ga0.8N^U7^P7^l8O5, piGaN 
20 3fe2f-f KB8 0 6* piA I o.i G ao.9 U<?=5v Kl8 
07. p^G a N=3 >£^7 KJ18 O 8^bfM^HTl\ 

^ o 

[0 26 1] BfrfBn^G a NM8 O 0 (Dtt3i*j£*5cfc 
tf. S i»Jtl*HlK-?naGaNli4 1iHi:i? 
fe^o MOCVDllC, ffinlG a Nll8 

OO^-t^hL, 1O5O°C0iSJ|triiGaN/\ + 
^77B80lSl/imiSLfc o CC^n^GaN/'v^ 
77l801l±, 8^*5 1 1 ^bnSG a N®«8 O O 
%m^m&k^[Ztk£tz. niGaN«8OO0iI 

L nlGaNli4 1(^IJK-t°>^Lt 

L>&*£1i. |® : t7tav- *<Mftt"^ffilo)l=fe^fc 

46. *SMfe<Z>fl^aia>«fca(C n^G a N^77l8 O 1 
£KI+fc*jb<#SLl^ *fc. nlGaN/^7718 
O 1 niA IxGal-x N/^^77l (0<x<0. 

3) tfeot^^Uc 

[0 2 6 2] :^{c x 1 . 0 jtim(Dl?£tf)nSJA I O.I G a 
0.9 N<7=?V K18 0 2.^m^-t^>o £ bCl. JS£0. lj* 
40 m(D n SG a Nft^V KB 8 O 3 S«fit§o nMGa 
N*#-f K18 0 3 liO^S* 7 O 0°C~ 8 

0 0°C^JglCT(f. aSkO). I^4nmOI n0.1S Ga 
0.85 N#F*H£J*£ 1 O n rn<7> I n 0. 26 G a Nl^^jlcfc 

y****i*sH*B8 0 4 {§>mm*#F i m& 0 *mm 

IS. S i ^ K— tf l/^LT*J:l^L. K-tf>yift< 
[0 2 6 3] S«ajft*Htf 1 o 5 o°c£-eH;£ 

50 LTs 2 O nm^I^plA I 0. 2Ga0.8 N£ytt£ 
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[02 6 4] -?<D&« Mg? K— fV^LStfiO. 1 vm 
(Dm^CDpmG a N^^f-T KB 8 0 6 £j3tft-f £0 M 
(c. Mg^K-t°>yi/d:^bO. 5 ^m(DJ5£cDp^A 

I 0.1 Ga0.9 Ncfcyft^^^-V KB 8 0 7Mft^ a 

iGa Net y 9 hl8 0 8***Lfc. 10 

[0265] CCO^IrcLT. P SGaN3>^H8 

T^-frfco Se^8 5 0°C[clLfc^1?, NHS 
^m^M^^JiiLX. 5«f,5L SrtBS«;SftT?!*«Lr 

SS«T*tfc, ±BIS(Dfi8i5«li6 5 
O°C^S9OO°CC0P H l3b<»*L<. »a«FR|Ii. 3»JSl 
±1 5»filT3W»*LA^ofc„ *fc. »TSftO>SiJaSa 

3 o°c/#iaJbrt<#*LL* 0 c<D£5C:L-cfEg* 

^ifclZ^y. «3fc. «JH*3hTl*£pSHk7=.— ;U*fr 

aN3>^h!80 8^a®3fi^t?3 x 1 O 18 / c m 
[0 2 6 6] *^#^{Cck ^UStfc J: -Sir. AfiK^i^ 

JSftRSXSi^oaBjKXRftl*. J**»T« 30 

paft^«ifcT?a&«Mga)jgttfctttH l *ci:36< 

*Dt>*LT^S„ WE»B7Kllt«JSf*. 5x 1 0»»/cm 
[0 267] Cc7>*ilCpl!Ga N=l>£^ hfi 8 O 8 j£ 
»JtLTJJr£OTMIL c:£(Ccfco 

AARSSS (pIKDiii) Wfe^v^-uVK-zk 

y»*u ^floHfesaizpawa*^-*- «^Ai% 0 j« 
^ks^® (piioiii) *B*-raBJ»*. 10 

<7>3SB*SiRfi# 5 x 1 Oi9/cm 3 Jamcfc£c£# 
[ O 2 6 8 ] *HJ6a>fl2jgO)SttB 8 O 4 I*. 3 Hffl^ 

MKil nyGal-y N ( 0 < y < 1 ) t>«jS**LT 50 



[0 2 69] p^G a N =! Kf8 O 8 CO p H^l* 

»*I=J:*=i>*^ h«tt*<«*-*-*. *fc. plW 
SE*8T?&& m g <D;£ttlt£teif ri^ p B^OS^kiti 
Ztc&blZ^ plIift^l^i«IJIA^ 

[o 2 7 o] KJiTrc. ±iHa<b**an*u— ti 8 ***® 

i^Lfc^3:/\— (7)5 1 ^^i^J^c-^l^T{l]8 (c) . 

(d) St;B9 (a) . (b) -eWm-tZ* CCT?. 5fg 
[O 2 7 1 ] -tfE^X/V- <DG a NSfi«£«FR 

W»l=J:oT±i:fca®^2fetf^bR*l»*L. p 

[02 7 2] :^{c v JRJttt>r^->n:y^>y««*ffli% 
Tv pMA I 0. l G a 0.9 H^'vv Kf807SplGa 
Nfl£*V KB 8 O 6©^B&3;-e*y~Fff-t\ 'J7vXh 
^-f^«3fi*^Lr (U7VSP8 2 0) . BW*»5ft 

filf*. Rfc«fl#SWt<3!>< 1 ~ 1 O 0>*FSj(c^jaLfc 
<H9 (a) . (b) ) 0 

[0273] ^ic nsfe(7>ff^^4 < ti^«rc. 

CD® (plGaNa>^ KB) (3. Sett^ft^ly 

ny9ia>jStt^sttB8 0 4a>»A 
tt««fcy*T*i=< ^um, ««i oju 

nru fcf-/^3 O O 0m0>ffi2<Dtty3f8 1 3SMLfc 

(B9 (a) ) d mum 2 (dsj y an*. 

[0 2 7 4] ;^|C. S i 02JNM1R8 0 9$IiU U 
V *>6fl 8 20(DpSGaN3>^^ M80 8 GQ^^S 
£Sft£i±. »gtfifls& (2/inM) $t!t*J:5 
(C x P d ( 1 0 n m) /M o ( 1 O n m) /A u (15 
Onm) £MgU:^*£l±TpgW«8 1 O&l&f&T&o 

[0 2 7 5] ^L>T. Ol/\-$SlLCLt, G a N 
S«*J(=. T i ( 1 5 n m) X A I ( 1 5 O n m) (C<fc 
^nIH8 1 1 'JV^77<-a«T?/W->» 

o>ay*8 1 3(©^jtEfissffis-r^/=«>T?fc^o 
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[0 2 7 6] m^. «ftj«««a>H(ctt*S/— h£Ifitt 
0 9 (b) [c^t 0 H3£*. *V ■**—-(?. GaNSCH 

CD®_h(C e^3 0 0/im s J^20/im, fifi5 0 

jum(7)mi o>9jyai8 1 2£ft^rr^ 0 fctfu % 1 
say 31 s 1 2<Dfl2j«tesi±. ffiriHig2CDStjy?t8 1 3co 
tt«i3H$4>Air«i<D»y3i8 1 2a>«*a>«isci*i*:A< 

r< 1 - 1 o o>^ft-c&£ 0 
[0 2 7 7] ^(c. mia)»jy3i8 1 2.<D-%m^ttLX 

mme>< 1 1 -2 0>^fp]{r. t°7f500/im, 

2 O m, £g*S3 O u mCOm 1 0>Uy3|8 1 4 £X 

[0 2 7 8] #>(is> J ?'lk^ ^I/\-J?>f^~gg^ 

So x^-fA— ©y-f A^e> K«-e. Ho) 

Ojtim. ;^3/im, ||«5 /l mT?— 0X^-f 

£ 0 C(D4SlcLTffi3^SJjy^8 1 5»it§ n fcf£ 

11-2 o>^fp]-efe^>o 

[0 2 7 9] X^-f^. K£^-V^£«JfcL. O 
< Ga NSffi«A^«3 0)9jyg|8 1 5 dyaoTV^HJ 

U ^fg^©==^— (B8 
(c) ) . mi^X, |g1<D»jy*8 1 20^[pJ(C;Uor 

-UEH*::* ^:?#9]£fTd (B8 (d) ) , 
[0 2 8 0] ZL(D<k 5l^LT, 2-T >f 0©^X/\-*v 

H^A©**l^*£»y ttJLfcp/f. #SSyi*9 5%fcLb 

[0 2 8 1 ] u-+f*^5^~-«®^#ga^p^ 
Sit^l*. *MHW»«R©<fc3(=* Sfl;*MMM*©^# 
Hfffi-efoS [1-100] ®£==^— aSSlc-T&Jxa 

ic. <i 1 -2o>*iRiiz?&o-cayai*^-r*a>*< 

[0282] *fc. ns6<D^ffii 1 -afr^mMmmz 
©#»;&&. fe*iM**ift©»«li 1 T?^oHJ6a>^© 

7©$HH*ft*JBL*Tt&l*. 

[0 2 8 3] U— 1f*^CDS^— SSffi^X-z^V 

yT?»rt-r*»^I±. SHfe©^«4. 5. 9. 10Sf: 

tti 2fl!>*ftT?^ja-r*c , tA<a*Li^o flwfc&&i** 
^ 5— ^ ^ :*#*©*:*>©« y mwttii&mm 



[0 2 8 4] U— tfiH^COS^— «H^ja*|»< 

^j^^aii^ii. 3itt©j&si^&9is&©3i$igi 2<d 

[0 2 8 5] **16©»IB"e»&*L-6»*l4-tlHStlfta) 
[0 2 8 6] £tc. *5S*©»£^I4*««J^&. nM 

m. **b. pM©«icis»i**Lfc*^ afrdps 
5g3fcH. nS!Ba)i(i(cttafiR**i±rtiAL\o &± 

10 */ ^»»JA<*H* yfi<»-5ci^#§ 0 
[0 2 8 7] 

[»»©»*] Sfc«B*»*t:**«i-r«3te**-r«JS 

ki^ tjg^s. #cscd^v^o. ^s/tr>#©ss**iB 

[B9©n*ftKiH] 

[m 1 ] ( a ) mmof&m i -e^ Lfc^ v mmo>t~to 
20 oijugiMtfc^o (b) mrnoMmi x^Ltz 
mom vm&flt (iifii) ^nt^^ 0 ( C ) ^j&© 

[82] s*(D»iR2T?^Lfc^^^ , »aa)fca6(D«y 
3t»ja©B-efc*. 

[8 3] *lft(3!)P«3T?*LfcT^^»«(Dfc«)<Day 

[0 4] iiffi(©H0fg4-c^Lfc^ i 'v^ , »a(of=to(D9jy 

[H5] llftO^JSs^^Lfc^^^ffltDfc^OSjy 
30 3fff2j&©0T3&£o 

[0 6] (a) mm<D%m 1 it^LfcHb^M 

##-f Ka>«*H"Cfc*o (b) SIJ6©fl2ffil 1 t? 

^Lfcf ^ ^»»a>fctoa>« y sh&jS©b-i?*<&o 
(c) nmmmi it?^Ltcitt##i*M^-ft 

[0 7] (a) mmmmi zx^Ltz^^y^wKDtz 
tb(DmVMMm<DmxfoZ> 0 (b) HJfea>j^ggi 2-e^ 

[0 8] (a) mmO^m^ 7t^Lf:niGa NSi 

40 C0S3t^T3fe^ o (b) 7-e^Lfcfifl: 
**aM*U— tfO>**BT5**o (c) %tfia>^ffii 7 
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